A slotted microstrip patch antenna is designed with Electromagnetic Band gap (EBG) structures. The performance parameters of the presented antenna are then compared with the conventional patch antenna. It is realized that there is a significant increase of bandwidth and better suppression of harmonics than the normal patch antenna. This antenna is thus operating in the frequency band 5 -6 GHz which is one of the most usable bandwidth regions for wireless applications such as WiMAX, WiFi outdoor, WLAN, Hiperlan/2 and many more. The proposed antenna achieves a gain between 4 to 6 dBi built in FR-4 material.
INTRODUCTION
Recent developments in microstrip patch antennas make them world wide acceptable as low profile radiator [1] . The conventional microstrip patch antenna got number of design challenges including narrow bandwidth and spurious feed radiations. In an actual scenario, there are numerous trade-off's associated with these antennas to realize a high performance versatile antenna. Although there are many methods to increase the performance of conventional patch antenna, using a slotted patch antenna on Electromagnetic Bandgap structures is of particular interest [2] . Despite the numerous advantages, there are number of trade-off's associated with conventional patch antenna in order to enhance its performance [3] . In mobile communications, a wider bandwidth is really essential. Also the unwanted harmonics is quiet unacceptable features of these antennas. There are number of bandwidth enhancement techniques used such as coplanar patch and stack configuration which are able to improve the bandwidth for about 25%. Another method of increasing bandwidth is by impedance matching network. An increase of [ 13% ] in bandwidth is possible, if proximity coupled patch element with a stub tuning network is employed. This will give spurious radiations which is quite unacceptable. Double tuning can also increase the bandwidth (20%) by varying the length of slot. A disadvantage of which is higher back lobe radiation. Another technique of bandwidth enhancement is stagger-tuned resonator for a log periodic array to achieve multi octave bandwidths. To increase the bandwidth, we need to increase the height of the substrate which proportionally increases its surface wave losses. In order to reduce this say for a substrate of height 'h', and permittivity ' r ', the 'cut-off' frequency is given by the following expression [5] , Where 'n' is the order of surface wave mode.
For TMn mode 'n' take even values such as 0, 2, 4... and for TEn it takes odd values of 'n' i,e 1, 3,5.......due to that there is no cut-off frequency limit for TM0 mode. Therefore surface waves in patch antennas cannot be completely eliminated. Also increase in surface waves diffract the antenna pattern and degrade the antenna performance. Surface waves only have non significant importance if it follows the following condition:
Where 'h' is the thickness of substrate and 0 is the free space wavelength. The method of bandwidth enhancement shown in this paper is by the introduction of EBG structures in slotted patch antenna. EBG structures are those structures, in which each element follow periodicity and consist of grounded metallic patches [4] [5] . In other words we can say that EBG structures control the free propagation of electromagnetic waves for a desired frequency or band of frequencies, thus enhancing the overall antenna performance. The functionality of these structures can be explained by considering Lumped LC model in which the 'inductance' of the circuit comes from the current flowing along the edges and gap width between the patches give rise to equivalent 'capacitance'. So, the equivalent impedance is given by [8] :
Thus, at high frequencies there is a capacitive circuit supporting TE surface waves. On the other hand low frequencies made the circuit inductive to support TM surface waves. At the resonance frequency 0, this structure does not support any surface waves showing High Impedance giving rise to frequency band gap. These structures possess properties like a band-pass and band-reject filters. The basic properties of these structures include increasing antenna gain and to provide low profile structures. They also provide uniform electromagnetic field distribution with good suppression of surface waves for better antenna performance. All the properties of EBG structures lead to increased antenna efficiency, wider bandwidth and enhanced performance [6] .
DESIGN PROCEDURE
In this paper two designs are discussed a slotted patch antenna and another with EBG structures. These designs are than compared with respect to various field parameters like gain, return loss and radiation pattern. The width of each slot is kept around 1.12mm and length 11.21mm. The reason for choosing these slot dimensions is to get better radiation patterns. Also, these slots change the current distribution on the patch antenna and thereby vary the antenna inductance which is governed by [8] , 
THE EFFECT OF THE ELECTROMAGNETIC BANDGAP STRUCTURE
The simulation of the two patch designed are done by Ansoft's HFSS software. The return loss is calculated between 5 to 6 GHz for both antennas as shown in Fig. 2(a) . The proposed slotted EBG antenna achieved a bandwidth of 8.63% and is for one of the most usable bands for wireless communications (5) (6) . This new antenna is thus quiet versatile and can be used in many applications in UK/EU (5.15 -5.35GHz and 5.47-5.725 GHz). Other applications of such antennas are outdoor WiFi, Band A and Band B, indoor/outdoor WLAN and Hiperlan/2 [7] . Moreover, the gain of EBG patch antenna has increase by a considerable amount of 3.2dB at 5.85 GHz compared to 1 dB for the normal patch antenna at the same frequency. The gains for the two antennas were calculated between 5 -6 GHz as shown in Fig 2(b) . As seen from Fig. 2(a) there has been a considerable increase in the bandwidth of normal patch antenna by using the EBG structures. Fig. 3 shows the co-Pol and X-Pol for E and H plane radiation patterns for the two bands at 5.4 and 5.3GHz. 
CONCLUSION
The EBG structures are successfully implemented in the slotted patch antenna. The radiation patterns at 5.3 and 5.4 GHz is provided in this paper. The gain of the patch antenna with EBG is around 3.2 dB at 5.85 GHz. It has been shown that impedance bandwidth of slotted patch antenna is increased from 1.91% to 8.63% in a useful frequency band (5 -6 GHz) making them more versatile for different wireless applications .
